Background: We compared efficacy and treatment persistence in treatment-naive patients with relapsing-remitting multiple sclerosis (RRMS) initiating natalizumab compared with interferon-b (IFNb)/glatiramer acetate (GA) therapies, using propensity score-matched cohorts from observational multiple sclerosis registries. Methods: The study population initiated IFN-b/GA in the MSBase Registry or natalizumab in the Tysabri Observational Program, had $3 months of on-treatment follow-up, and had active RRMS, defined as $1 gadoliniumenhancing lesion on cerebral MRI at baseline or $1 relapse within the 12 months prior to baseline. Baseline demographics and disease characteristics were balanced between propensitymatched groups. Annualized relapse rate (ARR), time to first relapse, treatment persistence, and disability outcomes were compared between matched treatment arms in the total population (n 5 366/group) and subgroups with higher baseline disease activity.
Results: First-line natalizumab was associated with a 68% relative reduction in ARR from a mean (SD) of 0.63 (0.92) on IFN-b/GA to 0.20 (0.63) (p [signed-rank] , 0.0001), a 64% reduction in the rate of first relapse (hazard ratio [HR] 0.36, 95% confidence interval [CI] 0.28-0.47; p , 0.001), and a 27% reduction in the rate of discontinuation (HR 0.73, 95% CI 0.58-0.93; p 5 0.01), compared with first-line IFN-b/GA therapy. Confirmed disability progression and area under the Expanded Disability Status Scale-time curve analyses were not significant. Similar relapse and treatment persistence results were observed in each of the higher disease activity subgroups. Conclusions: This study provides Class IV evidence that first-line natalizumab for RRMS improves relapse and treatment persistence outcomes compared to first-line IFN-b/GA. This needs to be balanced against the risk of progressive multifocal leukoencephalopathy in natalizumab-treated patients. Classification of evidence: This study provides Class IV evidence that first-line natalizumab for RRMS improves relapse rates and treatment persistence outcomes compared to first-line IFN-b/GA. Neurol Clin Pract 2016;6:102-115 I n the pivotal phase III Natalizumab Safety and Efficacy in Relapsing-Remitting Multiple Sclerosis (AFFIRM) trial, natalizumab demonstrated high efficacy in patients who were mostly (90%) naive to disease-modifying therapy (DMT). 1 Despite this, in clinical practice natalizumab is often recommended for patients with multiple sclerosis (MS) with inadequate response to other treatments or patients with high levels of disease activity. 2 For much of the world, the indicated use of natalizumab as a first-line therapy is restricted to patients with $2 relapses within 1 year and $1 gadolinium (Gd1)-enhancing lesion or a significant increase in T2 lesions on MRI. 3 In settings where first-line use of natalizumab is not restricted, it is important for physicians to balance the potential efficacy benefits of natalizumab against a patient's risk of progressive multifocal leukoencephalopathy (PML) before initiating natalizumab. 4 While factors that stratify natalizumab-associated PML risk, particularly anti-JC virus antibody status, have been identified, 5 the potential efficacy advantage of natalizumab specifically as first-line therapy over other DMTs has not been fully explored. Placebo-controlled trials such as AFFIRM 1 and those comparing natalizumab as an adjunct therapy to interferon-b (IFN-b) and glatiramer acetate (GA) vs IFN-b or GA monotherapy [6] [7] [8] do not provide information on outcomes associated with initiating natalizumab monotherapy vs other treatment options commonly considered in clinical practice. There are no head-to-head clinical trials comparing the efficacy of first-line natalizumab treatment to other first-line DMTs.
In the respective pivotal clinical trials comparing active treatment to placebo, natalizumab monotherapy reduced annualized relapse rate (ARR) by 68% 9-16 compared to an around 30% reduction for IFN-b preparations and GA. Although these trials largely enrolled treatmentnaive patients, they were conducted in different epochs resulting in different absolute ARRs (ranging from 0.73 to 1.28 in the placebo groups). A head-to-head comparison is therefore needed to establish the comparative effectiveness of first-line natalizumab vs IFN-b or GA.
The primary objective of this study was to compare time to first relapse and treatment discontinuation in DMT-naive patients with active MS disease who initiated first-line natalizumab treatment compared with first-line Betaferon/Betaseron, Rebif, Avonex, Copaxone, or Extavia (BRACE) treatments. Confirmed disability progression was studied as a secondary endpoint. Propensity score-matching was employed to reduce the confounding inherent to observational studies. [17] [18] [19] [20] The study group has recently successfully employed this technique for MS treatment comparisons in the MSBase registry dataset and also in a combined MSBase/Tysabri Observational Program (TOP) dual dataset, 2 contemporaneous, real-world cohorts. [21] [22] [23] 
METHODS

Standard protocol approvals, registrations, and patient consents
Patients treated with BRACE or natalizumab were extracted from the MSBase and TOP registries, respectively. Details of these registries have been published previously. 16, 24 In both registries, relapse is characterized according to the McDonald criteria, 25 while interactive neurostatus training is used for consistent assessment of Expanded Disability Status Scale (EDSS). Project approval from an ethical standards committee on human experimentation (institutional or regional) for any experiments using human subjects was obtained by each clinical center contributing data to either MSBase or TOP registries. Written informed consent was obtained from all patients contributing data to either registry in accordance with the local regulations and laws applicable at each clinic.
Study design
Patients and subgroups DMT-naive patients exhibiting disease activity (defined by $1 relapse within 12 months of baseline or $1 Gd1-enhancing lesion at baseline) were eligible for analysis. Baseline was defined as the time of DMT commencement. Patients were censored at the date of recording a first relapse, discontinuation, or progression event for each analysis, or the date of last clinician assessment point. Comparisons were made between propensity score-matched patients who initiated natalizumab vs BRACE therapy as their first-line DMT. Participants with ,3 months of follow-up or no recorded cerebral MRI within 6 months prior to DMT commencement were excluded (figure 1).
Subgroup analyses compared treatment efficacy and persistence in patients with various levels of baseline MS disease activity. The 3 subgroups considered were (1) $1 relapse and $1 Gd1-enhancing lesion; (2) $2 relapses and $1 1 Gd1-enhancing lesion; or (3) $1 relapse and $1 Gd1-enhancing lesion and $9 T2 hyperintense lesions. Matching treatment arms by propensity score was performed separately for the total eligible sample of the primary analysis and then repeated for each analysis subgroup (figure 1).
Efficacy measures The primary research question was whether there was a difference in the rate of first relapse or treatment discontinuation in patients on first-line natalizumab relative to first-line BRACE. A classification of Class IV evidence applies to both outcomes. ARR, time to first on-treatment relapse, and treatment persistence were analyzed as primary outcomes.
Figure 1
Study profile Of the 5,404 Tysabri Observational Program (TOP) participants at time of analysis, 518 were treatment-naive at baseline, all of whom recorded a minimum 24 months of prebaseline follow-up, while 430 of these also recorded at least 1 relapse in the 12 months prior to baseline or at least 1 gadolinium (Gd1) lesion on baseline MRI. Of the 30,417 enrolled MSBase participants, 11,564 were treatment-naive at baseline, 9,018 recorded a minimum of 24 months prebaseline activity, and 2,120 of these also recorded at least 1 relapse in the 12 months prior to baseline or at least 1 Gd1 lesion on baseline MRI. ARR Secondary endpoints included time to 3-month confirmed disability progression and 24-month change in area under the serial disability/time curve (AUC). Confirmed disability progression events were defined as minimum 3-month confirmed increases of $0.5, $1.0, and $1.5 points for patients with baseline EDSS .5.5, between 1.0 and 5.5, and 0, respectively. 23 EDSS scores recorded within 30 days postrelapse were excluded. 23 The comparison of disability progression by treatment arm was limited to patients contributing at least 3 EDSS assessment points, as the minimum required to first observe and then confirm a progression event. 23 Serial disability/time AUC change comparisons were performed to estimate patients' cumulative on-treatment disability experience. EDSS scores assessed within a 24-month interval from baseline were initially plotted, and AUC calculated as previously described in our published reports. 22, 23 As a sensitivity analysis, AUC change in EDSS was also calculated using the trapezoidal rule. 26 Statistical analyses Data from the MSBase and TOP registries were aggregated according to a prespecified protocol. Categorical variables were summarized using frequency and percentage and continuous factors summarized using median and interquartile range (IQR) or mean and SD as appropriate.
For both the primary analysis group and each of the 3 high disease activity subgroups, patients from the natalizumab group were matched to a comparable patient in the BRACE arm using propensity matching. Sex, age, EDSS, disease duration, and the count of both total relapses and steroid-treated relapses in the 12 and 24 months prior to baseline were used to 1:1 match patients employing a 5:1 digit "greedy" matching algorithm as previously described by this study group. [21] [22] [23] 27 As a sensitivity analysis, clinic country was included for the derivation of the propensity score. A 1:1 match was preferred over a 1-to-many match as the latter introduced unacceptable imbalance secondary to the poorer quality of the secondary and tertiary matches. Balance of baseline covariates by treatment arm postmatching was assessed via analysis of standardized differences and matched Wilcoxon signed-rank and McNemar tests. Wilcoxon rank-sum for continuous factors and a x 2 test for categorical variables were used to compare unmatched baseline characteristics by treatment arm. [21] [22] [23] A Cox marginal model was used to test for differences in time to first on-treatment relapse event, treatment persistence, and disability progression by treatment arm. Scaled Schoenfeld residuals were used to test each model for underlying hazard proportionality. The potential influence of informative censoring secondary to group differences in follow-up time on event ascertainment was studied by extending the Cox models to include follow-up differentials as competing risks for observing endpoint events. A test for interaction was used to assess the subgroups for treatment effects.
Quantile median regression was used to compare AUC change in EDSS across treatment arms adjusting for the matched pairs via censored least absolute deviations. A Royston extension of the Cochran-Armitage test 28 was used to check for nonlinearity in associations between AUC change in EDSS and treatment arm. An a priori specified Rosenbaum sensitivity analyses was applied postestimation across all outcomes to test the sensitivity of the matched models to unobserved heterogeneity secondary to baseline characteristics that were either not collected or incompletely observed. 29 As a sensitivity analysis, the relapse, discontinuation, and progression models were rerun using first-line natalizumab initiations sourced from within MSBase. In all analyses, p , 0.05 was considered significant. All analyses were conducted in Stata version 13 (StataCorp, College Station, TX).
RESULTS
Patients
Of the eligible patients (figure 1, natalizumab, 430; BRACE, 2,120), 366 (85.1%) first-line natalizumab commencements were successfully matched to a first-line BRACE initiation. Significant imbalance in prematching baseline covariates were observed across treatment arms; patients commencing natalizumab were younger and had shorter disease duration, higher median EDSS, and greater pretreatment relapse activity compared to those commencing BRACE (table 1) . Conversely, there was no significant observed imbalance between treatment arms after matching (table 2) . Mean (SD) number of relapses in the 12 months prior to treatment initiation was 1.9 in both arms while median baseline was 3 across both arms, representing a relatively active and severe disease cohort. Mean (SD) on-treatment follow-up was 3.1 years (2.7) in the BRACE group compared to 2.0 years (1.4) in the first-line natalizumab treatment arm (p[signed-rank] 5 0.001). Mean (SD) time between ontreatment assessments was 5.9 months (5.2) on first-line BRACE therapy relative to the 6.4 months (2.7) observed in the natalizumab arm (p[signed-rank] 5 0.103). Similarly, there was no difference in the median on-study visit density between the matched groups with the While patients on first-line BRACE therapy recorded a longer mean follow-up duration, the competing risks extension to the primary Cox marginal models for both relative relapse and discontinuation rates did not significantly alter the results of the primary models, suggesting that the follow-up differential observed did not significantly influence the estimated HRs, either in the presence or absence of simultaneous censoring of the matched pair. In a sensitivity analysis, patients were rematched with clinic country included as a baseline covariate. Although results were largely concordant with those demonstrated in the primary analysis, effect sizes were generally less significant, consistent with the smaller size and reduced power of these groups (table e-1 at Neurology.org/cp).
Disability progression
A total of 534 patients (natalizumab, 234; BRACE, 300) were included in the analysis of disability progression metrics. There was no significant imbalance in baseline factors between the subset treatment groups. There were no differences in 3-month confirmed disability progression events between groups (natalizumab, 16.2%; BRACE, 22.0%, p[McNemar] 5 0.095). There was no difference in rate of confirmed progression across either the first 12 months of treatment (HR 0.74, 95% CI 0.37-2.68, reference 5 BRACE) or the full treatment period (HR 0.97, 95% CI 0.64-1.47, reference 5 BRACE) (table 3) . 
AUC change in EDSS
Subgroup analyses
In higher prebaseline disease activity subgroups, there were imbalance in baseline matching factors between the treatment groups after propensity matching patients in each subgroup (table  3) . Patients who initiated natalizumab as first-line therapy within all subgroups exhibited lower on-treatment ARR relative to first-line BRACE (relative reductions, 63%-80%) with the largest benefit observed in patients recording at least 2 relapses prior to initiating Neurology.org/cp treatment (table 3) . Similarly, first relapse rate was lower for patients initiating natalizumab with comparable risk reductions observed in each subgroup (59%-60%) (table 3) . No differences were observed between treatment arms in treatment discontinuation, EDSS progression, or AUC in any of the subgroups (table 3) .
Sensitivity analyses
To test the validity of combining data from 2 registries, we repeated the analysis sourcing firstline natalizumab initiations from within the MSBase registry. Compared with the 430 first-line natalizumab commencements available from the TOP registry, only 288 were extracted from within MSBase, of which 212 (73.6%) were able to be successfully matched on a 1:1 basis to a comparable BRACE patient. Repeating the modeling, natalizumab was again associated with both a reduction in the rate of first on-treatment relapse (HR 0.40, 95% CI 0.26, 0.63) and treatment discontinuation (HR 0.77, 95% CI 0.61, 0.99) relative to BRACE. There was no difference in disability progression (HR 0.85, 95% CI 0.22, 3.23).
Rosenbaum sensitivity analysis for the influence of unmeasured confounding Postestimation Rosenbaum sensitivity analyses of the outcome models estimated that a minimum 3.27-, 2.90-, and 2.69-fold increase in the rate of relapse, treatment discontinuation, and confirmed disability progression, respectively, would be required for an unobserved prognostic confounder to prompt a revision of each model and reject any inference of an effect attributable to the first-line treatment arm in favor of selection effects. In the context of the HRs observed, these changes represent improbably large fold increases and thus the treatment differentials observed were reasonably robust to unmeasured influences.
DISCUSSION
This is a large, head-to-head comparison of on-treatment relapse occurrence, therapy persistence, and disability outcomes in patients who either initiated natalizumab or a BRACE therapy as first-line treatment. Initiating natalizumab was associated with lower ARR, lower risk of first on-treatment relapse, and lower risk of treatment discontinuation, compared to initiating a BRACE therapy. Most disability outcomes were not significantly different between the treatment groups in the primary analysis. In matched pairs completing 24 months of treatment, however, several EDSS progression measures favored the natalizumab treatment arm, especially in patients with combined clinical and MRI disease activity and $9 T2 lesions. The efficacy advantage of natalizumab compared to BRACE treatments in this study is consistent with other studies comparing these treatment options in patients who switched treatment. 23, 30, 31 As the population here was wholly treatment-naive, our results extend these findings to potentially inform first-line treatment decisions in clinical practice. Several studies suggest that use of high efficacy treatments earlier in disease course or earlier in treatment sequence could improve long-term patient outcomes. In STRATA, an extension study for patients completing the phase III natalizumab trials, efficacy benefits associated with natalizumab (vs placebo, IFN-b, or GA) persisted after all patients were switched to natalizumab over all 6 years of observation. 15 In the 5-year interim analysis of TOP, patients who initiated natalizumab as first-line therapy or those with lower baseline EDSS had the lowest on-treatment disease activity. 16 Several smaller studies also suggest greater treatment response to natalizumab occurs in younger patients with lower baseline EDSS and shorter disease duration, [32] [33] [34] suggesting a potential advantage for earlier natalizumab treatment initiation. Where indications permit, physicians consider the use of natalizumab as a first-line therapy, and the current study validates this strategy. Prior studies have suggested that not all patients are likely to benefit equally from natalizumab as a first-line therapy, with larger relative natalizumab treatment effects in patients with higher ARR in the 12 months prior to treatment initiation. 6, 32, 35 Consistent with these studies, prior relapse activity appeared to influence the relative treatment effect; the relative ARR reduction seen with natalizumab treatment over BRACE therapies was observed to be highest in the patient subgroup with $2 relapses in the prior year (ARR was roughly 5-fold higher for BRACE) compared to groups that included patients with $1 relapse in the prior year (ARR was roughly 3-fold higher). Maximal relative benefits to ARR were observed in patients with more aggressive MS. While this suggests that relapse activity in treatment-naive patients may enable early identification of patients who may benefit most from timely treatment intervention, efficacy benefits were apparent with natalizumab first-line treatment across all levels of disease activity. Conversely, the improvement in first-line treatment persistence in favor of natalizumab observed in the primary analysis was not replicated in any of the subgroup analyses. While this may in part be secondary to underpowering associated with the smaller subgroup sample sizes, this may suggest that discontinuation decisions may in part be influenced by baseline disease severity.
Confirmed disability progression, as both a proportion of sample and as a time to event outcome, was generally not different between treatment arms. By requiring a minimum of 3 temporally separated EDSS assessment points, disability progression is more follow-up intensive and thus this part of the analysis is likely to be underpowered relative to either the relapse or discontinuation modeling. Matching natalizumab initiators with comparable BRACE patients on baseline similarities in disease activity favors inclusion of more benign natalizumab patients. Exclusion therefore of the most active natalizumab patients, while ensuring balance in these disease activity metrics across treatment arms, also biases against observation of a difference in progression by treatment group. Furthermore, higher treatment discontinuation in the BRACE group limited the total sample size available for these analyses, so that a larger sample is required to determine if disability outcome differences exist between these treatments when used as first-line therapies. We were unable to adjust for the influence of JC virus antibody titer on the probability of early natalizumab discontinuation secondary to incomplete data. Even so, this suggests our observation of a significant decrease in natalizumab discontinuation rate relative to BRACE is likely to be a conservative estimate. Recent observations by Prosperini et al. 36 of an increased risk of disease worsening following natalizumab discontinuation suggests that concerns around disease reactivation may in part contribute to the observed reduction in natalizumab discontinuation rate relative to BRACE, although this was not able to be directly assessed.
This study is limited by nonrandom assignment of patients. Unlike a truly randomized design, our results may be biased from residual confounding secondary to imbalance of unobserved factors not included as a matching variable. The retrospective nature of the study To test the validity of combining data from 2 registries, we repeated the analysis sourcing first-line natalizumab initiations from within the MSBase registry. means the analysis is more prone to selection and ascertainment bias, relative to a prospective design. It is, however, unlikely that residual bias would favor the natalizumab arm, since measured variables suggest patients initiating natalizumab had, as expected, much worse disease. While propensity matching cannot eliminate residual confounding secondary to unobserved influences, the Rosenbaum sensitivity analysis suggested that any confounding contributed by unmeasured influences was highly unlikely to be large enough to change these inferences. Generalization of the efficacy advantages observed in this study could be limited by the characteristics of this population or by potential treatment indication bias that were not adjusted for in the matched datasets. The efficacy measures addressed in this study are not the only factors to consider when selecting MS treatments. Whether considering natalizumab as first-line therapy or later in treatment sequence, it is important to weigh the potential efficacy benefits of natalizumab against a patient's individualized risk for PML when making treatment decisions. Recent observations of possible rebound disease activity following cessation of natalizumab further suggest such risk stratification may also extend to decisions around discontinuing, as well as initiating, natalizumab. 37 A comparative analysis of safety and adverse event data was unable to be conducted secondary to insufficient data availability. A larger dataset with more complete data and longer follow-up would be required to better analyze both cessation reason and subsequent postdiscontinuation outcomes. We were unable to compare MRI lesion activity outcomes by treatment group secondary to incomplete recording of postbaseline MRI. Similarly, reason for treatment discontinuation by treatment arm was only partially recorded and was thus insufficiently available to analyze. Finally, a larger dataset with longer cumulative follow-up would be required to validate the AUC analysis against hard disability endpoints such as time to EDSS 6.
Our results suggest that use of natalizumab as a first-line treatment for RRMS greatly reduces relapse rate and improves medication persistence compared to the common practice of BRACE initiation. Further analyses for these first-line treatment comparisons might include cost-effectiveness and quality of life metrics, since comparative cost-effectiveness between firstline BRACE therapies has been well-studied, 38 and natalizumab treatment has demonstrated benefits to quality of life and patient-reported outcomes in other treatment contexts. [39] [40] [41] 
